ABSTRACT: Four 135 and 233 g/d) , but yield of Tyfon was lower. Indications that supplementary hay improved ADG of lambs and ewes were not confirmed in the final year, in which hay increased ( P < .05) ADG of lambs in the first 3 wk of grazing Brassicas but decreased gains later. Thyroid weights were increased ( P < .01) consistently in all trials on Brassicas, but enlargement was modest and not related to ADG. Brassica forages provided high yields (5.6 to 10.5 t/ha) of DM in the late fall to early winter period, with high carrying capacity for sheep but large variability in ADG.
Introduction
A need to extend the grazing season, and the development of effective sod-seeding techniques on hill land (Jung et al., 1983) , has led to a reevaluation of Brassica crops in pasture systems in the northeastern United States. Brassicas produce high yields of leaves and roots of high nutritive value at two critical periods in the year, the first in mid-summer and the second in late fall to early winter. However, Brassicas have limitations as feedstuffs for ruminants. A review by Hodgson et al. (1984-85) on the use of Brassicas for fattening lambs stated that "levels of performance achieved frequently fall far short of those considered normal for herbage diets of comparable nutrient
The major soil on the site is Gilpin silt loam (fine loamy, mixed, mesic Typic Hapludults), with pH in a range from 6.1 to 6.5, and moderate to high P and K status. In each of 4 yr, permanent pasture areas where Brassicas were to be established were grazed intensively by sheep until early July. In late July, pastures were treated with 400 k g h a 20:20:20 fertilizer, containing 18 kg of sodium borate/t. Pastures were then sprayed with paraquat ( 1, 1'-dimethyl-4,4'-bipyridinium ion) at 3.5 L h a and sod seeded using a Tye seeder (Tye Co., Lockney, TX 
Experiment 1
The objectives of Exp. 1 were to evaluate the composition of two turnips (Green Globe, Forage Star) and two kales (Premier, Mans Kestrel) grazed from late October to early December, and to compare lamb performance on the Brassicas with that on stockpiled Kentucky 31 tall fescue (Festuca arundinacea Schreb.) fertilized in August with 70 kg of N/ ha in the form of ammonium nitrate. In earlier trials the fescue was shown to be moderately endophyteinfected.
Crossbred Suffolk-Dorset lambs (50 wethers, 50 ewes) weighing 30 to 40 kg, were fed a good-quality grass hay for 7 d before the start of grazing on October 31. A group of six wether lambs was selected at random and slaughtered t o obtain excised wet thyroid weights. Animals were stunned and immediately exsanguinated. Lambs were weighed (full fed) before grazing and allotted, by sex, to replicated .35-ha pastures. Ten animals grazed each Brassica replicate and seven animals each fescue pasture, providing approximately equal grazing pressure. Blood samples (whole blood and serum) were taken by jugular venipuncture from 20 wether lambs before grazing for metabolic profile analyses (Cox-Ganser et al., 1994) .
All pastures were strip-grazed for 6 wk using a portable fence and lambs grazing Brassicas were moved to a new block when approximately 90% of leaves were removed. No back fence was used and the only supplement provided was plain salt. Pasture management in this and subsequent experiments was controlled t o provide adequate and approximately equal forage DM on Brassica and stockpiled pasture treatments. Lambs were weighed without overnight fasting every 3 wk and blood samples were taken from four wether lambs per treatment replicate at weekly intervals. Lambs were bled between 0800 and 1000.
At the end of 6 wk (December ll), four wether lambs from each replicate were slaughtered for thyroid measurements.
Samples of fescue pasture (total available) and of ungrazed leaves and roots from different Brassicas were taken from several sites within each pasture for chemical analyses at the beginning of the trials (October 10). Yield measurements were made on the Brassicas 90 d after seeding using a .6-m2 sampling frame, with four measurements made at random in each plot. Turnips were separated into leaves and roots, roots were washed, sliced, and plants dried in a forced-air oven at 60°C. Dried samples were weighed and ground in a Wiley mill with a l-mm stainless steel screen. Samples were analyzed for total N concentration using the Kjeldahl procedure (AOAC, 1990) 
Experiment 2
The objective of Exp. 2 was to determine possible effects of iodine and copper supplementation on the performance of lambs grazing Brassicas. Four .7-ha pastures, not previously seeded t o Brassicas, were seeded to Forage Star hybrid turnip and 96 SuffolkDorset lambs (48 wethers, 48 ewes) weighing 25 to 40 kg were allotted to four treatments on each pasture: 1 ) no supplement, 2 ) lambs dosed with 80 mg of KIO3 every 2 wk, 3) lambs dosed once with 2.5 g of CuO needles, in gelatin capsules, before grazing, and 4 ) lambs dosed with KIO3 every 2 wk plus CuO dosed once. Before the trial, another six wether lambs were slaughtered and thyroid glands removed and weighed. Grazing began on October 27 and continued to January 4 (10 wk). Lamb weights and blood samples were obtained as in Exp. 1. Stockpiled .35-ha Ky 31 tall fescue pastures (21, fertilized with 70 kg of N h a in August, were grazed with six lambs per replicate to provide approximately equal stocking pressure, but no supplements were supplied t o these animals. At the conclusion of Exp. 2, six lambs (three wethers, three ewes) from each treatment were slaughtered, thyroids were excised and weighed, and samples of liver were frozen and retained for Cu analysis (Cox-Ganser et al., 1994 
Experiment 4
The objectives of Exp. 4 were to repeat the comparison of Brassicas tested in Exp. 3, to determine the effect of supplementary hay on lamb performance, and to examine the influence of Brassica grazing on composition of the lamb carcass (data not reported). Replicated .%ha pastures of Forage Star turnip and Tyfon were established as in the previous year. Each Brassica replicate was further subdivided by fencing into two .4-ha strips; one strip was randomly assigned to a hay supplement (poor-quality switchgrass) and no hay supplement was provided on the other. Ninetysix Suffolk-Dorset fattening lambs (64 wethers, 32 ewes) weighing 25 to 40 kg were assigned at random to Brassica treatments, with eight wether and four ewe lambs per plot. A further 16 lambs grazed .4-ha stockpiled orchardgrass-red clover pastures. Again, these pastures were closed from grazing in August and received no fertilizer. Before grazing began (October 261, eight lambs (four wethers, four ewes) were slaughtered and dressing percentages of carcasses were determined. The longissimus muscle, a hind leg, and samples of liver were taken and immediately frozen and retained for chemical analysis (data not reported); thyroid weights were recorded.
Alternate lambs on each pasture were dosed with I + Cu, as in Exp. 2 and 3. Supplemental hay was weighed and fed as in Exp. 3, and residues were weighed at the end of the trial. Lamb weights were recorded and pasture and blood samples taken as in 
Results and Discussion

Yields and Chemical Composition
A summary of DM yields of Brassicas sampled at 90 d after seeding and before grazing is presented in Table 1 . Yields ranged from 5.6 t o 10.5 t of DMha and are generally similar to values of 7.0 and 9.0 t/ha reported by Jung et al. (1984) for forage turnips and rape ( B . napus L.) grown with minimum tillage at high N and P fertilization levels in Pennsylvania. For Forage Star turnip, roots represented approximately 42% of the total DM, whereas for Tyfon the proportion was 23%. Koch et al. (1987) recorded approximately half this yield of DM from Tyfon harvested at 70 or 124 d after seeding in New Hampshire, but equivalent yields were noted in Connecticut studies (Guillard and Allinson, 1988) .
The composition of kales and turnips harvested at 90 d (October 30) in Exp. 1 was compared to stockpiled tall fescue pasture sampled on the same day ( Table 2) . Crude protein concentrations in the leaves of kales and turnips ranged from 12.4 to 15.0% Brassicas contained markedly higher concentrations of K, Ca, P, S, and B, and lower concentrations of Cu than vegetative stockpiled tall fescue (Table 2) . Mineral concentrations were generally similar to those reported by Jung et al. (1984) and Guillard and Allinson (1989) for Brassica leaves and roots. Changes in concentration of a number of elements in Forage Star turnip and Tyfon with time are shown in Figures 2 and 3 . Concentrations of K and Ca were generally higher in the leaf than in the root, with little difference in S, Cu, and Zn levels. Higher concentrations of Fe in the root than in the leaf may, possibly, be associated with soil contamination, although roots were washed and dried before analysis. For most elements, there was a slight decline in concentration with time. From a nutritional standpoint, concentrations of minerals were generally more than adequate to meet the requirements of growing and fattening lambs (NRC, 1985) . Although Mo was not analyzed in these samples, an area of concern is the high concentrations of S and low levels of Cu observed in the Brassicas, suggesting the potential for an induced Cu-deficiency in sheep (see Cox-Ganser et al., 1994) .
Animal Measurements Experiment 1. Average daily gains and wet thyroid weights of lambs grazing kales and turnips are presented in Table 3 . Daily gains were low, and there were no differences ( P > .05) in ADG among Brassicas or between Brassicas and stockpiled Ky 31 tall fescue. Fitzgerald ( 19 8 3) reviewed the results of Brassica grazing trials using lambs in New Zealand, the United Kingdom, and Ireland and reported ADG of 53 to 61 g/ d on hybrid turnips, 65 t o 177 gld on rape, and 108 to 182 gld on kale, compared with 80 to 133 gld on grass. It was reported that lamb gains were particularly low or negative for 2 to 3 wk after initiation of grazing, with ADG of 12 gld in lambs during the first 4 wk grazing of rape. Although there is still no generally accepted explanation for these results, Hodgson et al. (1984-85) attributed the low and variable liveweight and carcass gains of lambs grazing Brassicas to low forage intake. A recent study in Scotland (Duncan and Milne, 1992) showed that infusion with allyl cyanide ( a breakdown product of glucosinolates) reduced the voluntary intake of a grass pellet diet by lambs. Table 4 . In this trial, lambs grazing stockpiled tall fescue lost weight (mean ADG, -47 g/d) and had a mean thyroid weight of 1.6 g. .05) of I and Cu supplementation on ADG. Average daily gains of lambs grazing turnips without supplementation were lower ( P < .05) than for lambs treated with K I O 3 and CuO needles together, but not different ( P > .05) from lambs treated with either supplement alone. Within Brassica treatments, thyroids showed greatest ( P < .05) enlargement in non-treated lambs, with no difference ( P > .05) between I, Cu, and I + Cu supplements. As in Exp. 1, thyroid weights of lambs grazing Brassicas were markedly higher than in lambs on tall fescue.
Iodine supplementation prevented goiter in ewes grazing kales and reduced lamb mortality (Sinclair and Andrews, 19581, but Russel (1967) found that although I reduced thyroid enlargement in fattening lambs grazing rape, it did not improve ADG. Nicol and Barry (1980) noted that kale contained only 2 to 3
There was no interaction ( P ET AL. mgkg of Cu and, with high levels of S in the plant, they considered Cu deficiency a potential problem. Barry et al. (1981) reported that young cattle grazing kale without Cu supplementation showed lower ADG, depletion of liver Cu, and reduction of serum Cu. They suggested that Cu supplementation, but not I, was required if kale was fed for more than 12 wk. However, S h a m a n et al. (1981) concluded that while lambs grazing Brassicas had lower liver Cu reserves and decreased blood Cu concentrations, Cu deficiency did not affect growth. Lambs in this study showed no change ( P > .05) in ADG to supplemental I or Cu given separately, but there was an increase of 44 g/d liveweight to I and Cu given together over nonsupplemented animals. This response prompted the inclusion of this variable in Exp. 3 and 4.
Experiment 3. Weight gains of ewes and lambs and thyroid weights and dressing percentages of lambs slaughtered at the conclusion of a 6-wk grazing trial are presented in Table 5 . Unlike the response in Exp.
2, supplementation of ewes and lambs with I + Cu had no effect ( P > .05) on gains, dressing percentage, or thyroid weights. Therefore, means presented represent values across these treatments. It was not possible to measure individual animal consumption of hay offered in racks on the Brassica pastures, but an average daily consumption of 302 g of hay (as-fed basis) per animal by ewes and lambs was recorded on Forage Star turnip, compared with 218 gld on Tyfon. Under ad libitum feeding conditions, therefore, sheep seemed to adjust their consumption of poor-quality roughage on Brassica pastures to approximately 15 to 20% of their daily intake, assuming an estimated DMI of 1.5 to 1.6 kg. Lambert et al. (19871, in trials comparing different ratios of rape and hay offered on an ad libitum basis to sheep, found that the animals maximized DMI on a diet containing 70% rape and 30% hay.
Rates of gain on Forage Star turnip by lambs (197 g/d) were considerably higher than in Exp. 1 and 2 ( 19 and 67 g/d, respectively), when supplementary hay was not provided, although other factors may also be involved. Gains by both lambs and ewes on Tyfon were somewhat higher than on turnips, although not significantly, and ADG of lambs grazing Tyfon (241 g/ d ) were similar to values of 214 and 249 g/d reported a,bMeans within a column lacking a common superscript differ ( P < .05). w o n aMean for periods and hay supplements.
b,cMeans within a column lacking a common superscript differ ( P < .lo).
d*eifMeans within a column lacking a common superscript differ ( P < ,051.
in 2 yr for lambs grazing Tyfon in New Hampshire (Koch et al., 1987) . Average daily gains by ewes and lambs on both Brassicas were higher ( P < .05) than on stockpiled orchardgrass-red clover. Thyroid weights in lambs grazing Tyfon were higher ( P < .05) than in lambs on turnip and stockpiled pastures, indicating that thyroid enlargement was not negatively related to rate of growth. Thyroid hyperplasia results from the conversion of glucosinolates in Brassica species t o isothiocyanate, thiocyanate, and nitrile compounds, which block iodine uptake by the gland and affect thyroid hormone release. Glucosinolate concentrations were not measured in this study; in Pennsylvania, Gustine and Jung (1985) concluded that glucosinolate levels in a range of Brassica forages examined were high enough (more than .3%) to cause goiter in sheep. They did not, however, observe any major differences in concentration of glucosinolates between turnips and Chinese cabbage hybrids.
Dressing percentages of lambs slaughtered from Brassica treatments were higher ( P < .05) than those of lambs from stockpiled grass-legume pastures. Dressing percentage generally relates to the degree of fatness of an animal (Soeparno and Davies, 1987) and in this experiment reflected the higher ADG of lambs grazing Brassicas. There were no detectable effects of Brassica grazing at time of mating on ewe performance in terms of conception rates, birthweights, or number of live lambs born per ewe (data not reported).
Experiment 4. These grazing trials were designed to examine further the effect of supplemental feed ( h a y ) on sheep performance when grazing Brassicas. Nicol and Barry (1980) reported variable responses to supplementary hay in trials in New Zealand with lambs grazing turnips, swedes, kale, and rape. In Irish studies, Fitzgerald (1983) showed that greater gains of lambs grazing rape with supplemental hay or pasture were due mainly to a lower reduction in weight of gut contents in the early grazing period, and that supplementation had no effect on empty body weight gain, carcass gain, or offal gain. Table 6 provides data for ADG, thyroid weights, and dressing percentages of lambs grazing Forage Star turnip, Tyfon, and stockpiled orchardgrass-red clover pastures over a 7-wk period. Gains on all pastures were high and similar to performance in Exp. 3 (i.e., Tyfon>Forage Star> grass-clover), although ADG on Forage Star turnip were not different from ADG on grass-clover pastures. Estimated hay intakes in this trial were 143 gld (as-fed basis) by lambs grazing Forage Star turnip and 127 gld by lambs grazing Tyfon. As in Exp. 3, there were no effects ( P > .05) of dosing with I + Cu on any measurement. There was a period x hay supplement effect ( P < .05) on lamb ADG. Supplementation of Brassicas with a poorquality hay in the first 3 wk of the grazing period improved ( P < .05) ADG of lambs, with means of 381 vs 329 gld for supplemented and non-supplemented treatments, respectively. The response was reversed in the second 4 wk of grazing, with mean ADG of 220 vs 281 gld ( P < .01) for supplemented and nonsupplemented animals, respectively. Over the entire grazing period, supplemental hay had no effect on lamb ADG on Brassicas (300 vs 305 gld for supplemented and non-supplemented treatments, respectively). The effect of hay in the early grazing period is similar to that noted by Fitzgerald (1983) . The negative effect of hay in the later period, following a positive response during the time of adaptation to a high-quality Brassica diet, suggests a dilution of ME intake by fiber after adaptation and indicstes that hay should be removed at this time.
Hay supplementation had no effect on thyroid weights. Thyroid gland weights were higher ( P < .05) on both Forage Star turnip and Tyfon Chinese cabbage hybrid than on stockpiled grass-clover pastures, and, similar to results in Exp. 3, there was a trend for greater thyroid weights on Tyfon than on Forage Star. However, there was a general positive relationship between ADG and thyroid weights across pasture types. Dressing percentages of lambs killed at the end of the trials were similar to those reported in Exp. 3 and showed the same differences between Brassicas and stockpiled pasture. All Trials. The marked variability in lamb growth on Brassicas observed in these trials has been noted elsewhere (Nicol and Barry, 1980; Fitzgerald, 1983) and is not easily accounted for, although Fitzgerald ( 1 9 8 3 ) considers that part of it may be due to variations in gut fill. It should be pointed out, however, that in 4 yr of grazing trials in our study, lamb ADG on Brassicas were generally higher than on control N-fertilized tall fescue or orchardgrass-red clover pastures, the latter containing high proportions (40 to 60%) of legume. Performance of lambs on stockpiled fescue was poorer than on orchardgrassclover pastures with, again, considerable variability between years.
Although supplementary I and Cu improved growth rates in 1 yr, it had no effect in two subsequent years and the mild thyroid enlargement was not related negatively to ADG. Rather the reverse was true. The higher ADG of lambs on Brassicas in Exp. 3, relative to Exp. 1 and 2, were obtained when additional hay was supplied on the pastures, but where this variable was included in the experimental design, in Exp. 4, no effect of supplemental hay was detected over the entire grazing period. Nicol and Barry (1980) found, in New Zealand trials, that lamb ADG were approximately 50 gld higher in warm than in cold environments. Their calculations in earlier studies (Barry et al., 1971) showed that the amount of digestible energy required to heat the ingested water from turnips from 5" to 39°C represented 15% of the daily energy intake. Average monthly temperatures for the 4 yr of grazing are presented in Figure 4 . No consistent relationship between temperature and ADG was apparent. The highest ADG, on both Brassicas and stockpiled pastures, were recorded in Exp. 4, which had the highest mean 3-mo temperatures. However, high gains were also obtained in Exp. 3, which had lower grazing period temperatures than any of the other years. The genetic background of the lambs used in the 4 yr, and their nutritional management before grazing, was also similar and provides no obvious explanation for the variability in ADG.
Implications
Use of Brassica forages in late fall extends the grazing season by up to 12 wk in the northeastern United States and provides high yields of digestible nutrients for finishing lambs and breeding ewes. Despite a high concentration of available energy and adequate nitrogen, Brassicas have given variable responses in growth rates of sheep and the reasons for this remain unexplained. Low and variable growth rates observed in different countries have been attributed, in part, t o metabolic inhibitors in the Brassica plant or to lack of fiber in the diet. Results of the present trials showed no consistent positive response of sheep to supplementary iodine, copper, or fiber, although there were indications of a beneficial effect of hay provided in the initial period of Brassica grazing. There is a need for further research to identify the factor(s) in Brassicas limiting the full expression of their nutritive potential.
